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ABSTRACT
Production of secondary metabolites by microorganisms differs qualitatively and quantitatively depending
on the strains and species of microorganisms used as well as on their nutritional and cultural conditions.
The application of a statistical experimental design approach for the optimization of nutritional factors is
one of the recent techniques that have been successfully applied to the production of various bio
products. In this study we attempted to select prominent nutrient for antibiotic production by using
Plackett–Burman design then further optimized the concentration based on central composite design to
improve the active ingredient. In order to improve the yield of antibiotic by the new strain, Nocardiopsis
prasina ACT 24 response surface methodology was employed to optimize the composition of
fermentation medium. The Plackett-Burman design indicated that pH, agitation, incubation time and
starch had significant effects on antibiotic production. The concentrations of these five components were
investigated using Box-Behnken design and a polynomial model related to medium components
concentration effect on antibiotic yield had been established. The factors optimized in the present study
were useful for the increased production of antibacterial metabolite from Nocardiopsis prasina ACT24.
The zone of inhibition was improved from 27mm to 30mm. The present investigation will be useful for
large scale fermentation in a fermenter for the efficient production of antibiotic.
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INTRODUCTION
The filamentous bacteria of the order Actinomycetales
(actinomycetes) produced more than 9000 biologically
active molecules out of which more than 60
pharmaceutical agents have widely used in the field of
1
medicine . Especially Streptomycetes, have been
shown to be a prime source of antibiotics. However, the
likelihood of finding novel compounds has dwindled due
to extensive studies on the ubiquitous species. The
mycelium of actinomycetes can elongate and branch
unlimitedly. Bioactive metabolites from actinobacteria
are commonly produced by submerged or solid state
2
fermentation with one or two commonly used media. .
Media components and their optimum levels are critical
to
the
secondary
metabolites
produced
by
microorganisms. In the field of antibiotics, much effort
was directed toward optimizing production rates and
directing the product spectrum. The optimization
experiments are usually performed using non statistical
one-factor-at-a-time and statistical experimental design
3
approaches . The application of a statistical
experimental design approach for the optimization of
nutritional factors is one of the recent techniques that
have been successfully applied to the production of
various bio products. Response surface methodology
(RSM) is a compilation of mathematical and statistical
techniques useful for emergent, improving, and
optimizing processes. It is a well-known method applied
in the optimization of composition in the medium and
other critical variables responsible for the fabrication of
4
biological molecules . RSM can be used to evaluate the
relative significance of several affecting factors even in
presence of complex interaction. RSM is an empirical
statistical modeling technique employed for multiple
regression analysis using quantitative data obtained
from properly designed experiments to solve
5
multivariable equations simultaneously . In this study we
attempted to select prominent nutrient for antibiotic
production by using Plackett–Burman design then
further optimized the concentration based on central
composite design to improve the active ingredient
content, reduce costs and enhance the antibiotic real
production.

MATERIALS AND METHODS
Organisms
Nocardiopsis prasina ACT24 was isolated from marine
soil sample from east coast of Pichavaram, Cuddalore
(dt) of Tamilnadu and serially diluted and plated on
Actinomycetes isolation agar. Nocardiopsis prasina was
maintained on starch casein medium .They were stored
at
4°C
until
required.
Vancomycin
resistant
enterococcus sps were isolated from urine sample of
ICU patient and directly inoculated in to VRE isolation
agar and incubated at 37ºC for 24 hrs. They were stored
at 4°C until required.
Batch Fermentation
Stored strain of Nocardiopsis prasina ACT24 was
inoculated in modified Synthetic Krasilvikov’s medium
cultivated for 4 days at 28°C in incubator and then
inoculated into sterile medium in 250 ml flasks. The
flasks were incubated in the dark at 28°C on a rotary

shaker at 180 rpm min for 10d. The cultures were
centrifuged (14,000 rpm, 15 min, 4°C) to separate the
Actinomycetes cells and the supernatants. The
supernatants were filtered through 0.22µm bacterial
6
filter and stored at 4°C until required .
Antibiotic Activity Assay
Antibiotic activity was measured by assaying the growth
inhibition rate of test pathogen Vancomycin resistant
Enterococcus. Briefly, 1mL sterile fermentation filtrate
mixed with 9 ml Muller Hinton Agar were replaced in a
dish or without sterile fermentation filtrate as control.
After the medium solidified and inoculated, discs loaded
with 24hrs culture and placed on the agar plate. The
dishes were incubated in the dark at 28°C in incubator
for 24 hrs and measured colony diameter of
Vancomycin resistant enterococcus. In previous study
the authors confirmed that the size of the zones of
inhibition can be considered as measure of antibiotic
7-8
titre .
Experimental design and data analysis
In order to obtain the most influential factors for
antibiotic production, various physical parameters are
pH, temperature, glucose, starch, potassium nitrate,
tryptone, inoculums size, agitation, NaCl and incubation
9
time were evaluated by ‘one-at-a-time’ approach .The
best carbon source was glucose and the concentration
was 2% .The preliminary experiments revealed that the
nitrogen source including yeast extract, meat extract
were suitable for the production of the strain in some
degree; the potassium nitrate were influencing the
Nocardiopsis prasina antibiotic production .
Plackett-Burman design
A Plackett-Burman design was used to screening the
most significant fermentation parameters affecting the
10
new strain antibiotic production .For the selection of
various variables, “Design Expert 9.0.3.1” (Stat-Ease
Inc, Minneapolis, USA) was used to generate and
analyze the experimental design of Plackett-Burman.
Plackett-Burman design (PBD) was employed for
screening the most significant medium components for
growth and antimicrobial compound production by
Nocardiopsis prasina ACT 24. In the experimental
design, the factors pH, temperature, glucose, starch,
potassium nitrate, tryptone, inoculums size, agitation,
NaCl and incubation time (independent variables) were
screened by representing them at two levels, low (−)
and high (+) in 12 trials. Table 1 shows media
components, symbol code, and actual low and high level
of the variables. Table 2 shows the detail of the design,
each row represents a trial, and each column represents
an independent variable. Finally Box-Behnken design
and response surface methodology were further
adopted to derive a statistical model for optimizing the
medium components for antibiotic production.
Box-Behnken design
Further medium optimization by RSM was concerned
with the four (pH, starch, incubation time and agitation)
important components (P < 0.05) and the negative
factors were removed. Box-Behnken in Minitab 15.0 was
11
used to optimize the concentration of the five factors .
The effect of each variable was calculated using the
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following equation: E = (ΣΜ+ Μ−)/Ν. Where E is the
effect of tested variable, M + and M – are responses of
trials at which the parameter was at its higher and lower
levels respectively and N is the number of experiments
carried out. The standard error (SE) of the variables
were the square root of variance and the significance
level (p-value) of each variables calculated by using
Student’s t-test. t = Exi/SE, where Exi is the effect of
tested variable. The variables with higher confidence
levels were considered to influence the response or
output variable.
Central composite design
In order to quantify the influence of the selected
independent variables, specifically starch concentration,
agitation, incubation time and pH, on the responses
(concentrations of antibiotic), a 22 central composite
design with four coded levels leading to 14 experiments
was used, which contained a factorial or fractional
factorial matrix with center points and star points to
12
allow estimation of the curvature .According to this
design, the total number of treatment combinations is 2k
+ 2k + n0 where ‘k’is the number of independent
variables and n0 the number of repetitions of the
experiments at the center point. For statistical
calculation, the variables Xi have been coded as xi
according to the following transformation: xi = Xi – X0
/δx. Where: Xi is dimensionless coded value of the

variable. Xi, X0 the value of the Xi at the center point,
and δx is the step change. A 2k-factorial design with
eight axial points and six replicates at the center point
with a total number of 30 experiments were employed
13
for optimizing the medium components .
Validation of the model
The combination of different five experimental
combinations of optimized variables, which yielded the
maximum response, was experimentally validated by
culturing Nocardiopsis prasina ACT 24 in optimized
production medium. The statistical model was validated
with respect to all significant variables within the design
space.

RESULTS AND DICUSSION
The Pareto chart displays the magnitude of each factor
estimate and it is a convenient way to view the results of
Plackett-Burman experimental design. The main effect
was calculated as the difference between the average of
measurements made at the high level setting (+) and
the average of measurements observed at the low level
setting (-) of each factor. Figure 1 shows the Pareto
chart for the effect of selected nineteen factors on
antibiotic production.

Figure 1
Pareto chart showing the effect of the selected
nineteen factors on antibiotic production
A-pH, B-Temperature, C-Incubation time, D-Inoculam
size, E-Agitation, F-Glucose, G-Starch, H-Pottasium
nitrate, J-Tryptone, K-NaCl and L- Dummy. To improve
the antibiotic production, Nocardiopsis prasina was
investigated under different culture conditions such as
pH, temperature, glucose, tryptone, Nacl, inoculam size,
agitation, starch, potassium nitrate and incubation time.
In the present study, the respective low and high levels
with the coded levels in parentheses for factors were
defined. Small manipulations in the culture medium

composition can exert significant effect on secondary
metabolites biosynthesis in microorganisms. The
Plackett-Burman design has proven to be a valuable
tool in screening and optimizing of media components
and culture conditions in various bioprocesses including
antibiotic production.
Plackett-Burman design
Plackett-Burman design has been applied by several
researchers to select influencing factors among the
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constituents of complex medium. Plackett-Burman
design offers an effective screening procedure and
computes the significance of a large number of factors
in a few experiments; it also saves time and maintains
5- 6
convincing information on each component . PlackettBurman design for 10 selected variables and the
corresponding response for antibiotic production.
Variations ranging from 18 to 27 mm in the production of
antibiotic in the 12 trials were observed by PlackettBurman design. Pareto chart illustrates the order of
significance of the variable affecting antibiotic production
(Figure-1). The Plackett-Burman experimental design
was adopted with 12 trials to determine the medium
components which significantly influence the antibiotic
14
production by Nonomuraea sp. JAJ18 .Among the
variables screened, the most reliable factors with high
significance level indicated by Pareto chart were in the
order agitation, pH, incubation time, Starch, glucose and
tryptone starch showed a remarkable support for the
growth of Nocardiopsis prasina. Incubation time, pH,
starch and agitation were also identified as most potent

significant variables in antibiotic production and selected
for further optimization while inoculam size,
temperature,
tryptone
and
potassium
nitrate
concentration which exhibited less significant level were
omitted in further experiments. Similarly, the author
reported that factors varied depending on the type of
15
used media . The strain hydrolysed starch and liquefied
gelatine. Several researchers working on antibiotics
discovery programs have applied PBD and RSM as
statistical tools to recognize, manipulate and optimize
influencing medium constituents and recorded the
16-17
increased antibiotic production
. Statistical analysis of
the Plackett-Burman design demonstrated that the
model F value of 6.05 is significant. The value of p <
0.05 indicate model terms are significant .The results of
PBD revealed that the crucial media components related
to the antibiotic production by Nocardiopsis prasina
were starch. Similarly, the author reported that the
antibiotic production by JAJ06 were starch, KBr, and
18
CaCO3 .

Table 1
Plackett-Burman experiments design for evaluating
factors influencing and antibiotic production by Nocardiopsis prasina.
Code

Variables

Units

A
B
C
D
E
F
G
H
J
K.
L

Ph
Temperature
Incubation time
Inoculum size
Agitation
Glucose
Starch
Potassium nitrate
Tryptone
Nacl
dummy1

degree
days
%
rpm
%
%
%
%
%
-

Planckket and Burman experiments and their levels
were further optimized for enhanced antibiotic
production by employing a Box – Behnken design and
central composite design. Finally, the physical factors

Levels
Low
5
25
5
0.5
50
0.5
0.5
0.001
0.5
0.5
-1

High
9
40
14
2
150
2
2
0.005
2
2
1

pH, agitation, starch and incubation time for each run,
the experimental responses along with the predicted
response obtained from the regression equation for the
29 combinations are shown in Table-2.
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Table 2
Box- Behnken design matrix of predicted and actual values of antibiotic
production by Nocardiopsis prasina
Run

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Factor-1
A-pH

Factor-2
B- Agitation
(Rpm)

9
7
7
7
7
5
9
9
7
5
7
5
7
9
5
7
7
7
5
9
7
7
7
9
5
7
7
7
7

100
100
50
50
100
100
150
100
100
100
100
100
100
100
50
100
150
100
100
100
150
150
150
50
150
50
50
100
100

Factor-3
CIncubation
time(Days)

14
14
12
14
12
14
12
12
10
12
14
12
12
10
12
12
10
12
10
12
12
14
12
12
12
10
12
12
10

Based on Plackett-Burman design incubation time, pH,
starch and agitation were selected for further
optimization using response surface methodology. To
examine the combined effect of these factors, a central
composite design (CCD) was employed within a range
of –2 to +2 in relation to production of antimicrobial
compounds (Table-3). As shown in Table 3, The Fvalue of the model was 6.05 for antibiotic activity yield, it
implied that the model was very significant, and there
was only a 0.01% chance that a "Model F-Value" could
occur due to noise. Mo3 reover, the P-values (<0.0001)
of the model and the lack of fit (0.7893) also suggested
that the obtained experimental data was a good fit with
the model. The value of determination coefficient R2=

Factor-4
D-Starch(%)

Antibiotic
(mm)

activity

1.25
2
0.5
1.25
1.25
1.25
1.25
2
0.5
0.5
0.5
2
1.25
1.25
1.25
1.25
1.25
1.25
1.25
0.5
0.5
1.25
2
1.25
1.25
1.25
2
1.25
2

Predicted
value
27
28
26
26
27
23
28
26
23
21
25
22
26
23
19
26
26
26
20
21
26
27
28
22
21
21
20
23
25

Observed
value
25
27
24
25
26
21
27
24
21
18
23
19
26
22
17
25
26
25
19
19
25
26
27
20
19
19
18
21
24

0.8581 for antibiotic production, ensured a satisfactory
adjustment of the quadratic model to the experimental
data, and also indicated a high correlation between the
predict values and the practical values. Normally, a
regression model having an R2 value higher than 0.9 is
considered and a model with an R2 value between 0.7
15
and 0.9 is considered as having a high correlation .
Significance of model was further supported by
statistically insignificant lack of fit, as was evident from
the lower calculated -value (1.16). Accuracy of the
model can be checked by the determination of
coefficient. The closer the value of to 1, the stronger the
18
model to predict the response . The quality of fit of the
model was checked by coefficient of determination (R2).

Table 3
Analysis of model for antibiotic production by ANNOVA
Source
Model
A-pH
B-Agitation
C-Incubation time
D-Starch
AB
AC
AD
BC
BD
CD
A^2
B^2
C^2

Sum of Squares
250.76
48.00
60.75
21.33
6.75
6.25
0.25
4.00
9.00
16.00
0.25
72.43
1.41
0.16

Df
14
1
1
1
1
1
1
1
1
1
1
1
1
1

Mean Square
17.91
48.00
60.75
21.33
6.75
6.25
0.25
4.00
9.00
16.00
0.25
72.43
1.41
0.16

F Value
6.05
16.21
20.52
7.21
2.28
2.11
0.084
1.35
3.04
5.40
0.084
24.46
0.48
0.055

P Value Prob > F
0.0009
0.0012
0.0005
0.0178
0.1533
0.1683
0.7756
0.2645
0.1032
0.0356
0.7756
0.0002
0.5010
0.8181
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D^2
Residual
Lack of Fit
Pure Error
Cor Total

6.06
41.45
24.25
17.20
292.21

1
14
10
4
28

The three-dimensional (3D) response surface plots were
drawn to illustrate the individual and interactive effects
of agitation, pH, starch and incubation time on antibiotic
production by Nocardiopsis prasina Fig 2. Each 3D plot

6.06
2.96
2.43
4.30

2.05

0.1744

0.56
6.05
16.21

0.7893

presented the effects of two variables while the rest one
was held at middle level. There was insignificant mutual
interaction between agitation, pH, starch and incubation
time (Figure 2).

Figure 2
Response surface 3D plots showing individual and interactive effects of variables on
antibacterial activity of Nocardiopsis prasina ACT 24
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The maximum experimental response for antibiotic
production was 27mm whereas the predicted value was
28mm indicating a strong agreement between them.
The result of optimization study under flask conditions
was 29mm was observed in the scale up study with
higher volume of fermentation. All the critical variables
having greatest effect on the production of antibacterial
compound from marine Streptomyces species PUA2.
Optimization of process parameters resulted in increase
19
in antibacterial activity from 7 mm to 14 mm .

as a function of various levels of ingredients in
production medium. PBD and RSM were found to be
very effective in selecting and optimizing the medium
components in manageable number of experimental
trials increase the antibiotic activity. Moreover, the
optimum culture medium obtained in this central
composite design will be useful for further study with
large scale fermentation in a fermenter to reduce cost
and enhance the efficient production of antibiotic from
Nocardiopsis prasina ACT 24.

CONCLUSION
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